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W. V. LAMBERT axp C. W. KNOX.

INTRODUCTION.

In comparison with mammals the sex ratio in birds has been
studied by relatively few investigators. The first report on the
sex ratio in birds appears to have been made by Darwin in 1871.
He noted that the per cent. of males to females in 1,001 chickens
raised by Stretch was 48.65. Field (1901) in 2,105 chickens
reported a sex ratio of 44.63, Thomsen (1911) in 805 observations
a sex ratio of 47.82, Pearl (1917) in 22,791 cases a percentage of
48.57 males, Crew and Huxley (1923) a sex ratio of 49.26 in a
total of 753 chicks and embryos examined, Jull (1924) a sex ratio
of 48.88 on 2,396 individuals sexed, and Mussehl (1924) a per-
centage of 52.24 males from a total of 1,514 chicks upon which
observations were made. In pigeons Cole and Kirkpatrick
(1915) found that the per cent. of males to females was 51.06
on a total of 1,800 squabs and embryos examined.

The above data represent the total ratios observed by the
various investigators on living chicks and dead embryos. With
respect to the prenatal sex ratio, however, the data are less
extensive, although the sex of the chicken may be quite readily
told macroscopically by the ninth day of incubation. Of those
reporting on the prenatal sex ratio, Pearl (1917) has the most
extensive data, and he gives a sex ratio of 48.3 from a total of
1,021 embryos dying between the tenth day of incubation and
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hatching. Jull (1924) found a sex ratio of 47.18 in embryos
dying after the eleventh day of incubation taken as an average
of the results of continuous hatches throughout a three-year
period. Thomsen (1911) in a total of 803 embryos examined
before hatching found a ratio of 47.82, while Crew and Huxley
(1923) observed a prenatal sex ratio of 435.24 out of a total of 420
embryos examined. In the latter case, some of the parents of
the embryos were subjected to treatment with a thyroid extract.

MATERIAL AND METHODS.

The material for the present study was obtained primarily
from the F; and F. generations and backcross chicks of crosses
made between the Rhode Island Red and White Leghorn breeds,
and also of F; data from crosses made reciprocally between the
Black Langshan and \White Plymouth Rock, the Black Langshan
and Buff Orpington, and the White Plymouth Rock and Buff
Orpington. In addition a number of observations were made on
data from the White Leghorn breed.

All eggs were candled on the sixth, twelfth, and eighteenth
days of incubation, and embryos found decad on these respective
days were classified as Dy, D, and D;.  All embryos found dead
between the eighteenth day of incubation and the day of hatching
were listed as dead in the shell (DS). Al chicks of the Dj
and DS classes, and chicks dying before it was possible to deter-
mine their sex from the external appearance, were dissected and
the sex determined in that manner. The sex ratio on all living
chicks was determined as soon as that was possible from their
external appearance.

In 1925 the total sex ratio from 121 hens between the hatching
dates of March 4 and May 6 was obtained with the exception of
losses due to straying, loss of bands, predatory enemies, and
losses due to fire which destroyed a portion of the hatch of one
week.  Data are given showing the number of individuals upon
which the sex was not determined, but there is no reason to believe
that the sex ratio of these chicks would have deviated greatly
from the ratios observed.

In addition to the above, observations were made upon the
live chicks and dead embryos of a number of hens during the years
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1924 and 1925. These data are not continuous throughout the
hatching season but represent only data secured at various inter-
vals during the hatching season. The record on any one hen,
however, is complete for the period in which the observations
were made.

The sex ratio as used herein expresses the percentage of males
to females in the population.

RESULTS.

During the two years a grand total of 2,910 embryos and
living chickens was examined. Of these 1,488 were males and
1,422 females or a sex ratio of 51.13. The results of the two
years records are shown in Table 1.

TasLe 1.

THE ToTAL NUMBER OF MALES AND FEMALES OBSERVED AND THE SEX RATIO
Founp 1IN THE CHICKS HATCHING AND IN THE DEAD EMBRYOS.

. Chicks
Ds. DS. e Totals.
Year.

FF| 2 RST o"o’"Q Q‘Ro"o" o"o"rQ Q'Ro"o" dgd |22 RFF
1024...... 13 8161.00] 26| 3443.33] 68| 81]45.64| 107] 123]46.52
I@BFc 0caoo 126 [ 102 | 55.20 | 37.4 | 365 | 50.61 | 881 | 832 | 51.43 |1,381 (1,290 | 51.53
Totals. .. .| 139|110 | 55.82 | 400 [ 399 | 50.06 | 949 | 913 | 50.07 |1,488 |I,422 | 51.13

It will be noted here that the sex ratio in each class, namely
D;, DS and living chicks, is over fifty, it being 55.82 in the Dj,
50.06 in the DS and 50.97 in the living chicks. The results in
each of the two years are not in very close agreement although
the same general trend exists in each case.

From the 2,910 individuals shown in Table I. a complete sex
ratio was secured on 2,266 chicks and embryos developing from
the eggs produced by 121 hens during the season of 1925. Of all
eggs used from this group of 121 hens and that developed beyond
the twelfth day of incubation, barring those chicks lost due to the
causes previously mentioned, a complete sex ratio was obtained
between the hatching dates of March 4 and May 6. These data
are shown in Table II.
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Of the 2,266 individuals shown in the above table 8.12 per cent.
were embryos dead between the twelfth and eighteenth days of
incubation, 22.11 per cent. between the eighteenth and twenty-
first days, and 69.77 per cent. were chicks sexed after hatching.
It is interesting to note in this connection that the most critical
period of development is apparently between the eighteenth and
twenty-first days of incubation. Of all eggs set and dying in the
embryonic stage, 361 or 34.5 per cent. died before the twelfth
day of incubation, 184 or 17.6 per cent. between the twelfth
and eighteenth days, and 501 or 47.9 per cent. during the last
three days of incubation.

The sex ratio is listed each week for the three classes D3, DS
and chicks hatched respectively, together with the totals for
each week and the total ratio of each class for the entire period
with the corresponding ratio of males. These data in Table II.
represent a total of 79.20 per cent. of all fertile eggs set during
this time. Of the remaining 20.8 per cent. upon which the sex
was not determined 12.62 per cent. or 361 died before the twelfth
day of incubation and 8.18 per cent. or 234 were lost due to the
causes listed.

In the D; class with the exception of the last two weeks in-
terval the sex ratio is comparatively high, ranging from 52.83 to
64.70. However, no general trend is apparent during the con-
secutive intervals as the highest sex ratio appears in the interval
from March 4 to 11 and the next highest in the period of April
15 to 22.

Of those embryos dying between the eighteenth and twenty-
first days of incubation no general trend of the sex ratio is like-
wise apparent. In general, however, the sex ratio is lower than
among the D; class.

Of the chicks sexed after hatching no particular trend is noted
in the sex ratio from the beginning to the end of the hatching
season. The per cent. of males of the chicks hatching varies
from 46.37 to 54.00 with an average of 50.85. From the total of
2,266 chicks and embryos examined 1,170 or 51.63 per cent. are
males and 1,096 or 48.37 per cent. females.

Some of the data included in Table I. were not complete for
the whole season. These were obtained in both 1924 and 1925
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and were tabulated without regard to the week in which they
were obtained. On a few of the hens only data from the dead
embryos were included, whereas, in others both data from dead
embryos and chicks were included.  In all cases, however, where
the sex ratio of chicks was determined it represented a total hatch
of those particular hens for that period. In other words it repre-
sents the complete record of the hens for any one interval. These
unclassified data appear in Table I11.

TapLe 111,

Tie OBSERVED SEX RATIO IN SOME UNCLASSIFIED DATA OBTAINED DURING THE
NORMAL HATCHING SEASONS OF 1924 AND 1925,

D DS. ST Total.
Hatching.
Year.

| | [ ]
d‘&l? Q‘R&d' F7| R ?RTAFTF|? 2RSS o"d‘,’@ Q RFA
1924 .. .. ... 24 | 20 |534.55] 110|128 [46.22| 77| 55|358.23 211|203 |50.97
1925. .. .....| 13 8 |61.90]| 26| 34(43.33| 68| 81 [45.64}107 | 123 | 46.52

- - ) |
Totals. .. ... 37 | 28 |50.02 136|162 |45.64]145 {136 |51.60]318 (326 40.38

The large number of chicks dead between the ecighteenth and
twenty-first days of incubation appearing in the 1924 data 1s due
to the fact, as mentioned before, that in some cases only the dead
embryos of certain hens were sexed.

In this as in the preceding tables no very definite trend to the
sex ratio is apparent. \While there seems to be an excess of
males in the D; column and an excess of females in the DS column
the numbers are probably not large enough to indicate a selective
mortality at the different stages of incubation. This would
appear especially true since no similar condition appears for the
more extensive data shown in Table I1.  In the chicks hatching
histed in Table 111, a high sex ratio occurred in 1924 and a low
sex ratio in 1925. Hence it would appear that the variations
noted in this table are probably due to the small numbers.

From the methodological standpoint Pearl (1917) has indicated
the advantage of basing the sex ratio on families of ten or more
individuals.  He has compared the mean sex ratio of families
of various sizes and finds the following ratios in each:
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RIS
Familicsof toandover. .......... .. .. ... iiiiiinen... 48.57 £ 0.28
Families of 4—9 inclusive. . ... ... ... ... ... .. ... .. 49.39 £ 0.84
Families of 1-3 inelusive. . ... ... .. ... .. ... . e 55.07 £ 2.11
Families of g andover. .. ... .. ... ... ... .. ... ... ... 48.80 + 0.33
Families all sizes. ... ... . .. .. 49.45

It becomes apparent from these figures that the smaller families
are more likely to show extreme values of the sex ratio. In fact,
according to Pearl, ratios above 80 and under 20 occur very rarely
in families of ten or more.

The ratio of males for different colonies in the present experi-
ment together with the number of hens in each colony is shown

in Table IV.
TasrLe IV.

THE SEX RATIO FOR THE DATA SHOWN IN TABLE II. LI1STED ACCORDING TO
BREEDING AND COLONIES,

No. of

. Chieks
e Ds. DS. e, Total.
Breeding. in R
Col-

ony. |dd"Q (TR R|TFR T2 @

F: (White Leghorn by
Rhode Island Red)..... 17 11 9 | 44 | 56 |188 [202 (243 [269 | 47.46
Fi1 (Black Langshan o,
Buff Orpington @ @,
White Plymouth Rock
@ @) 10 9 7126 | 24|41 | 42|77 73| 51.33
White Leghorn.......... 13 14 | 11 | 19 | 21 | 73 | 52 [106 | 84 | 55.79
F1(Buff Orpington &, White
Plymouth Rock @ @,
Black Langshan @ ?).. [5) 13 3 8 8| 62|69 | 85 | 82 | 50.90
F1 (White Plymouth Rock
o, Buff Orpington @ @,

Black Langshan @ ?).. 7 2 41 17 9| 30| 26| 49| 39| 55.68
Fi1 @ @ (White Leghorn

& )ococooococcooanaea 12 8 | 10| 31| 21| 83| 74 |122 106 | 53.51
Fi 29 (Rhode Island

Red d).............. 11 16 | 11 | 17 | 24 | 79 | 76 |r12 |111 | 50.22
Fi1 & (Rhode Island Red

Q@) 11 8 6|21 20)|54)| 51|86 | 78| 52.44
F1 & (White Leghorn

Q@) 11 19 | 12 | 12 | 14 | 43 | 49 | 74 | 76 | 49.33
White Leghorn. ......... 5 o 1 4 6133|3638 43| 46.01
White Leghorn. ......... 15 2 8 | 62 | 34 |r14 | o1 |178 [135 | 50.87

The range in the data is from 46.91 in the smallest colony with
a total of five birds to 56.87 per cent. males in a colony with
fifteen birds. The average sex ratio for all colonies 1s 51.63.



232 W. V. LAMBERT AND C. W. KNOX.

Both the high and low sex ratios appear in colonies of White
Leghorns. The individual range in the colony showing the
lowest per cent. of males was from 33.3 to 66.7 per cent. In the
colony showing the highest sex ratio the range was from 4.4 to
83.7 per cent. In tabulating this range only birds producing ten
or more chicks and embryos that were sexed were included. This
included all individuals in the small colony and fourteen out of the
fifteen in the large colony. The average sex ratio in the last case
when determined for the fourteen birds having 10 or more sexed
offspring was 59.2. It was thought necessary in determining the
range to include only birds having ten or more sexed offspring
as any smaller number than that would hardly give a repre-
sentative sample.

From the total of eleven colonies only three show sex ratios of
less than 350. No relationship appears to exist between breeds
and the sex ratio for the hybrids show about the same variation
as do the pure breeds.

Tue INFLUENCE OF EcG WEIGHT AND PRODUCTION UPON THE
SEX RATIO.

Jull (1924) found no relationship between average weight of
eggs and the sex ratio, and Jull and Quinn (1923) found no cor-
relation between the weights of individual eggs and the chicks
hatching from them.

Since the average egg weights for all Iy hens used in this
experiment were available as well as the sex ratio for these hens,
a correlation between these two variables has been calculated.
In this study only those hens that have a total of ten or more
chicks or embryos upon which the sex had been determined were
included, the total number being thirty-nine. The correlation
coefficient for egg weight and percentage of males was — 0.060
=+ 0.108. This correlation being smaller than its probable error
certainly indicates that no direct relationship exists between
these variables.

On this same group of I, birds the rate of production preceding
the hatching season has not influenced the sex ratio. In this
calculation the pereentage rate of production was used. This
rate of production was used because the birds began laying at



233

GENETIC STUDIES IN POULTRY.

mh.Onﬂo.\A.Q 16'1F €0°Sz OO.HH«HON.HW m.mwlo.hm Ch et e e e e T PPN ..A.uﬂuu .NUQV O1YeI X3S (T
111°0F gto'o— zg'0F6V01 | zz'zFE€gz | 9I'IF00°EY | 6°LS—1°1T |- Tt ("3u2d 1ad) uorronpoid 389 Juapadduy *H
a-o
80I'0F 600°0— ot 0oF S0'9 0z'1F15'S1 | S9'0F 05°0€ Ly—zz |- s suoseds Suryojey Sunmnp uorjonpold 339 renPy ‘g
a-d
801°0F 090°0— zz'0F€6'z | LSOF1SL | 2€OTFLOES | €00-6gb |- (swead) syysram 59 [enprarpur a5eAY Y
a-v
‘uOIIRIAD, “S3Iqerre
*JUIIOYJI0Y) UOIIB[III0)) herasd 10 UBIN -a8uey *SI[qRLIeA
: : pilepueis
JUIIOYYI0D)

‘YTEVINV,A INZANAJA(] HHL SV OILVY XdS HHL HIIA ‘ATIAILDAISAY NOILONAOIJ INHAHDILNY O ILVY HAHL
ANV ‘NOSVHES ONIHOLVI @HL ONINA( NOILdNAOdJ 997 IVALOY FHL ‘SLHOIHA\ 997 IVAAIAION] AOVITAY THL NIIMIAL NOILVTIAAVOD TAH]

A dl1av],



234 W, V. LAMBERT AND C. W. KNOX.

different dates and the rate was determined by dividing the total
number of eggs laid by the number of days between the date of
first egg and the beginning of the hatching season. The correla-
tion ceefficient in this case was — 0.048 &= o.111. This correla-
tion likewise is not significant and indicates, in this particular
group of birds, that preceding production has not influenced the
sex ratio.

In a study of the sex ratio based on hatches throughout the
entire vear Jull (1923) found a correlation of — 0.704 & 0.031
between the sex ratio and antecedent egg production. As the
season advances the ratio of males decreases, and Jull concludes
that the cause for this decrease is directly related to the ante-
cedent egg production.

The rate of egg production during the hatching season, like-
wise, was found not to have influenced the sex ratio in this
group of birds. The correlation ceefficient between total pro-
duction during the hatching season and the sex ratio was
— 0.009 &= 0.108. This correlation, like the two preceding, is
not significant being much smaller than its probable error.

Since the correlation ceefficients in all three cases were negative
and smaller than their respective probable errors the conclusion
is justified that neither mean egg weight, as measured for each
bird nor the rate of production both preceding and during the
hatching season has influenced the sex ratio. In other words
there is no tendency for those birds layving the fastest or laving
the heaviest eggs to produce more or less males than the birds
producing the fewest or the lightest eggs.

The correlations between these three variables together with
their respective ranges, means, ceefficients of variability, and
standard deviations are shown in Table V.

DiscussioN.

The data presented herein for the most part show a higher
sex ratio than has been reported by other investigators.  Mussehl
(1924) reporting a sex ratio of 52.24 per cent. is the only one
reporting a higher percentage of males. Cole and Kirkpatrick
(1913) report approximately the same sex ratio in pigeons as 1s
reported by the present writers, namely 51.06 per cent. All
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other studies have indicated a ratio of less than fifty per cent.
males, both for living chicks and dead embryos. No reason for
this higher sex ratio is apparent. It is true that a number of
the birds were lost due to various causes but the writers have no
reason to believe that there was a selective mortality of the chicks
that were lost.

The proportion of males among the embryos dying between
the twelfth day and eighteenth day of incubation is rather high,
being 55.82. However, if reference is made to Table IV. it may
be seen that it does not hold consistently true that the males
exceed the females in the D; class. In the DS class there is
practically an equality of males and females, the ratio of males
being 50.06. All previous investigators reporting on the prenatal
sex ratio alone in birds have reported a sex ratio less than fifty
per cent. They likewise have seemed agreed that a selective
mortality of one sex or the other previous to hatching does not
occur.

The number of birds upon which the correlations have been
calculated is small but the results found here are in general
agreement with those of other investigators. More of the birds
were not inc'uded in these studies because the mean egg weight
var.es for different breeds and in most cases the antecedent egg
product on on the birds used in the various crosses was not known.

SUMMARY.

1. The sex ratio for 2,910 chicks and embryos examined was
51.13.

2. The sex ratio for total living chicks was 50.97, for embryos
dying between the eighteenth and twenty-first days of incubation
50.06, and for embryos dying between the twelfth and eighteenth
days 55.82 per cent.

3. No tendency for an increase or a decrease in the sex ratio as
the hatching season progressed was noted.

4. The sex ratio of hybrid birds is approximately the same
as for that of the pure breeds observed.

5. No relationship between the sex ratio and the factors of
mean individual egg weight, antecedent egg production, and
actual egg production during the hatching season is apparent.
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The respective correlations found between these variables were
— 0.060 == 0.108; — 0.009 == 0.108; and — 0.048 &= 0.111.
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